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A Method Of @ri?il Fi^Miig WMfe Oil-Bisect Carrter Miiil 

Teehakft! Pfeld of tia In v«tl« 

\mmj Tibs invention relates to ore positions and nnethods used in completing oil a; so gas wells. 
orKudiy weijs imWB deviated or Uno rental boreholes, 

Baekgrunn:d 0 the Inventies 

mm Hydrocarbon- JMds such as oil and smml $$-.m ohtaJne^iMtn &.Mimtm&m geologic 
.femadoo, i.e., a reservoir, by drilling a well that pomotrates lh«:!^^osrboa--l?ean»g fhtmatiorn 
Once a webbore has been drilled, the wed m^ bo co^ploi#; a completion ipvoto me dssigri, 
selection, and installation of equipment aod materials .in or around the vvehbore for conveying, 
pu.me:mg S : or cothroilhtg tbe production or trrjeeiion of fhmls. Aider the wed has been completed, 
production of oil and. gas can begin.. 

M In deep wolfs, reliability of die sand cornf Mpn is very b^rbmi, due to the 
p.mhibld?eiy high coat: nf Iniervenhoo, Ihnlher, many such wells are completed open bole. 
Thetefbre, gravel packing of open-hole horizontal wnlis is increasingly becoming- a standard 
pmehee in tbe deep-water, sub-sea compMan. ebvh^oment. lite grave! packing process 
involves pumping into tbe well a earner Onid thai contains me necessary anumat el grave!. 
Consequently, gravel fa deposited adj^nt:. an open bolc f for instance at one end of tbe wellborn, 
where d serves to prevent sand bom flowing Into the wellborn 

m*l draper selection of the carrier fluid is essentia], Ideally, the earner duid shad, no? cause 
any penneabbhy reduction, of the fomrahom When viscous fluids are used, carrier fluid mM 
also have safnefent viscosity to suspend ami. carry the grave! during placement. Carrier fluids are 
either Considered "water-based" or "oil -based" depending on the constituency of their external 
enntiunous phase; the term "oil based'* fluids may thus, be used to designate holds having a 
eoiUinnons phase baaed on synthetic 0? non-synthct-c oil ami eventually, an aqueous phase 
dispersed in tbe Oil phase, said aqueous phase being rnore properly designed as a brine. 



w-o; Aqueous-bass fluids can be Mmd lo fee compatible wffli m>M fmmik^m nmph by 
belmlmg seep as potassium, chloride or ammonium chloride. Cou&equeniiy, to date, she 
convene on in gurrebnackopy such, horizontal webs has been water packing, or shara-p&ekiog 
wkh w&mJme& viscous hueis. A carrier fluid is rhiss rvpfcally a bnne comprising a gelling 
agent seen as bydtoxyethyicelhiiose (!i|C} ;? aanftsap or •§ viscoekstic surhmtang breakers to 
immunea the pressure reoubred to move the Sold: back to the wellborn:. 

mm Wmmm, mpmm gravel pack ®m m poorly eotrpilhie with oikbased. Ming fluids. 
To ensure compatibility and improve weOborc &mm* 3 c®mm practice Is to use a water- 
based reservoir drilling fluid for the section of the web to be gnweh packed. However, the use of 
a n ator-baseb drlibaa fluid rs not siways siMable or the best recommeoded practice* Indeed* oil- 
base bribing fluids provide shale inhibition, luferiOMipsg. gauge fepfe. and higher rates: of 
penetration lubricity end deeper hit pen egmboo and itete, may often he pre ferred, over water- 
base fluids 

mm. Solids-tree h?inp*in^d envisions for web eomptehoo are known from SftB Paper 11 lb! ,. 
These emulsions consist: of an aqueous brioe phase dispersed us fine droplets in a. base pit where 
the bngbets: are stabilised &rpu# a: p^rfctant%nulsiller that forms, films around the water 
droplets produced when wafer is added with shears to the ob phase containing the emu is!, bee 
The emulsion oiscosiry is linked to tlm number aud volume of droplets preseof aod also the 
•fp^if^sf c-^^'l^tl^©:, la lfda papep the;oapd ep-ralsiber is a polymermed nomooic sarfrelaoi 
with lipophilic and Irydrophilie gBEH^tfi*$pr : 1*> a straight buckboue. Its molecular weichi is 
between 6*800 and 10,000. 

mmt An nil-based emntsion gravebpabk carrier timi was also reported in SP.E Paper 6'4§fg 
that bather diseussesihe possibility of adding a chelating agent solution, to the haemal phase that 
is for instance released by breaking tire eombaom This paper further depicts the effect of mixing 
energy on emulsion viscosity and the sand carrying properties of this oil-based emulsion fluid. 
However thus paper m silent an io the choice of tfee m&Mfim and the authors, of the present 
Invention, have found dial proper selection of said emoM&r was Indeed critical for providing an 
ebbetive oil- cased, emulsion gravd-pnok earner fluid. 
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mrnt One aspeer of the mvm$m k t melted of gravel packing a hole in a lubtemp^m 
§mmim ImMmg $® step of pmpmg wm the hole a pave! pack composition congmslng 
grave; mi 8 earner iluM comprising a smrdelotp said emulsion being stabfck by 

3.0 ennkmer based on at fpsM one corbhaa laity add ester presenting a. shoulder peak before the 
noakkepicted to he the monomer peak when aofoy/ed by gel perroealku kaomaiography (which 
iypicall y occur between, about 26 and about 28 ®mm. depepdfeg on die used gel permeation 
enrooiatograph. 

mm Injection of Ibis grave! peek composite kao the welibore results hi slnndtaneous 
deposition of gravel at or adjacent to the opeo hole removal of sufficient filter cake -whan 
cont.akl.ng a cleaning agem - to establish, f field fiow p&ih Mmem itm mMmm md the 
krmauon. Tins aiedeod Is esneeiaOy usefid w wellborn tM are drilled wild so oil based 
reservoir drilling fluid and completed open hole, ^;i.adM>ob :hori?.o«ta|. boreholes. The preeept 
iavsodoo Ma aoveM benefits as compared to prior art: ftakel packing methods sM carrier fields, 
Inekdlng, reduced cost, hopT^ved fiuldlm^aiemept praepees,: wd increased prMtakkty and/or 
reduced risk of Mure mimmmm, by mitigating against oho rjsktof $pd kee Mbm,. 

J2ik£lei^^ 

\mni Figaro I ahows typical ebrraimtographie graphs; 

mm Figure 2 is a tmtxi of the ehsysm^logram pear the low peak tor 5 teated iomnbatkes; 

mm figure 3 shows the result of 4 fM ihusmrte the $md suspension properties .for 
auadskns prepared with ifee dlflbreoi sur&otont formulations of Figure 2; 

m*i Figure 4 shows the viscosity of the pure sarfactaoi formulations as function of the 
teaipera-are; 

mm- f igure S compares the stability of dififerent emulsions after I and 9 days/ 
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DetMD&criptim af Preferred. E^b&iimiftts. 

mm GmvM pack mmpimtmm of the present invention comprise gravel mid a carrier M& 
WtMMy the grmd pack earner fluids have a density that k mMdmt to allow the litkl to 
control the wot; during welt completion operations, since open- hole gravel packing m done 
almost exclusively in: circulating position. Tyjdeal fluid densities for the carrier fluid are ffopa 
about 8 J pop (pounds per gallon) up to about 19.2 ppg, more preferably about 8.8 ppg up to 14.2 

m 

mm The rbeology characteristics of the fluid must be saoh that the fluid system is able to 
carry and suspend gravel. The gravel will for instance have a 0,8, mesh size cf between shout 
20/40 and 40/70. Gravel suspension ehararaerisd^.pfefora.bly are eompumble to those prpwkd 
by aqueous gravel earner fluids. The fluid system psfeahlB? ®Mh>m mm^k M0mi 
pressures (puoopahuhy). 

mm The carrier fluid system should be cp^iphls. with typical oil. based mtal and mad 
addhiyss, so that no thick emulsions or sludges are termed that could damage formalious and 
decreaiscoyell ptx>ductiom Vm, fm the oil. phase of the: oamur fluid opn compise foe 

same type of oil as the one used in the oil based, drilling fluid. TMrefore, sypfoetle oil - 
comprised, lor: ipstauce of ohg^merlsM -aMim ** will ho prefemhfy used for the carder fluid if 
the well was drilled with a sptefc oil based forllhng fMd & addition, the liufo system should, 
have art acceptable health, safety, and envirosm^lal. prohlc. The oil of foe emulsion can be 
either synthetic oil (e.g., oltgomerwce oleda) or naturally occurring oil 

mm The carrier holds aceudlfoi to the invention are bnne-in-otl based hinds, eompnsing 
between atai.50% and 10%: by volume aqueous phase. The internal aeneous phase is preferably 
completely sohds-foee and may include a solution of a plfeoaodider as welt as a dissolve* lor the 
bridging agents hem the 4rU!i»g- fluiaL.t^-^aK^^I jK^e«3[-aJt!*& Internal phase pfovldes 
a mechanism tor breaking: the synthetic oil based-rescrvon drilling forki eundsior; rernahriug in 
the roscrveir drrlh.ug .0uid filter cake, BreaJdng the emulsion uvthe filter cake allows the bridging 
agents and drilling held, solids to become wateoweb ensuring dissolution of the bridging agents. 
Thus, the gravel pack carrier hold provides the eheudcnls necessary to remove filter cake in 
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order to estabnsh a conductive flow path between the well bore end. the lboBatlo;n of interest, 
wklfe mmg as <i carrier for tile gravel 

t««l re c croon enkaxlmtents, the pfl meyEfyiog agent used. to destabiliae (e.g.. break) die 
emokkoo in. die niter cake also ermamrses the solobilky of drlbbaj fluid; hrihgiog/weightiog agents 
im m pmmt. m the Mm coke, and Ms. mMkmWm of mm b ihp liter cake. Suitable oil 
mollfykg agents awkak mimml acids (such as hydrochloric acid), organic adds (such as 
formic aoo! acetic &M t or citric acid), aod chelating agents. Is particular estlomo salts of 
po;yauunocarboxyHc acids elmtatmg agents suitable typically using at neutral or mild pbf 
ranging hoe; 3,5 to b.O. Exarople-s of chelating agents include arpnseus solutions conrprishrg: bh 
eahoolc salts (arid preferably di -potassium salts) of ethytensdlaobnctetcaacetic aekl (EDTA), 
eyclokexylooc dinkrko teoaacebe acid (CvDTA), i§tuy!enabk(osy©^^ 
acid (BCfX'A,, oho known as EthylsBegly^ Mte) K,M'4e0maoetie acid) 

aod. | : (eata« actd (DTPA. f klm Mmm as 

Diediyiooctriarno^geotaoicetio aek% h>^^y^yl^i^kmi^te®ii» add (BEDTA), &ud 
byhrooyotiiylvnrhiodiooetie acid (BEI0A) in a form of free acid or salt. Some of the above 
romhooetl eholants cm also be used to an alkaline pH ^?jgo asd ihos could be used with dlter 
etfe mm ambient bold emulsion thai .Is stable at low pH aod unstable at high pH. EDIA can 
also be used m M aMfe pE m^m thus could, boosed with biter cake from a drilling fluid 
m®M<® tm Is stable u low pH m& urwlabio at high pM. 

\mn Qpihmlhs die carrier fb.hd can further coatam one or more additives such mmtfmmh 
corrosion inbibhoro breaker aids, sabs teg,, potassium chloride), sntibbam agents, scale 
iohiibtors, enwisbkrs (at between about 0.5 and 3 wt% of the carder fluid), orgaaophUlc clays 
aod bactericides. The parameters used. In soleetmg the brine to be used in a particular well are 
known in the org and the selection is based iu part on the density that is required of the grave! 
pack carrier bold m a given well Brhaos that may be used In the present invention, eats comprise 
(cob;:. (hkkv NaBt, MaCl KC! : potassium fbrmste, ZnBr or cesium rbrnutle, among others. 
Urines that comprise CsCh, CaB% and potassium formate are particularly preferred tor high 
densities. 
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iwm technlqnes arid cogditlrms Jog pumpmg is. gravel pack composition into a wsll are 

?mm m pmmm. $1 m %m Sebi i tes eowltkms whkh ®m he imi &r gwc#^a$Ms| to 
the pmsmi favmtim imlii&o pressures- that arc above tseiaring pressure, particularly k 
coegreeiiort m&i the Margate Path Technique, known lor instance top U.S. Palest 4;a4 5 Tbh 
and ggasonfeg so which perforated $tmm arc osM to provide MdiliOHgl pathways for the grave! 
pack slurry, Furthermore, certain oil based gwei pabk ermtpositkns of the present toveptlpp 
with relatively few *&i«me internal phases (e.g., discontinuous phases) can. be used with alpha-- 
aad beta-wave packing mechanisms, similar to water packing. 

Example 1* 

\mxt Six mimmm based M mMtm MtJ acid esters were tested, aad analysed by gel 
dovrroaLogmnhy The column set used to separate the mpfec&r weight by sign is a 

one 50 dne.no an and three .100 Angstrom bbeeoraenex GPC columns hi mm such (i.e. 
Pbmgigd 5 rmet:oo panicky 300 mm k 7M mm whxmml TstrdiydrnMrn m the aperh solvent 
flowing; at a flow rate of HI ml per xmmm. Samples are dissolved at about 1% by weight 
concentration in tet.rahydrob.tnrn a»4 5b uucrpiitegs of dissolved sample is injected Into the 
HFLC syatpm, A Waterb 41b piffemikl. RetotivP 'Mm IMmmi is used in conjunction with 
a SMgiafe High. Pmhnnmct LiquM GlmmmmnM^ Umm, ^ JX-iOA. series, Ilk data 
were ebtkgM by a. Thermo fmbSystems. jw. Atlas system and processed by Foiymor 
l,abo:mkries inc. FL Cirrue software ihrgpl peo^attoit chromatography data. 

m**l Figure 1. shews two types of responses between about 22 and about 28 minutes, Jn hath 
eases, a series of peaks are observed between about 22 and about 2b minutes which are depleted 
to correspond to the diveer arid mmer and ictromer. The last peak to be observed k that period of 
file is a iiuic before 28 nannies and is depleted to.be the low molecular weight or the monomer 
peak, Bote that depending on the chromatography equlpmeog and on the nature and weight of 
the petygmng the peaks may appear slightly earlier or later,, in other words,, alt peaks are shifted 
towards earlier or later time, but die eumomer peak remains always present. With the first 
sorlketani (open circles), oo other pogk eao. be: detected before the peak 1. between about 26 and 
28 untunes. In the second ease on ire other hand (lb II squares), a shoulder peak is clearly 
iduabfied ttndeee, the shoulder peak el k imgtfcr than the monomer peak 2), 
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psBi Figure 2 a <M)i of Che graph sear the mo«omer peak. m& $mt before, m other 

words during the period of time just before the peek attributed to die sorbitan monomer (m 
pp!#); Some of the tested surfaetanta dearly exhibit a slfoulrfnr peek. This is in particular 
die case widi #! mmmMmi as sodium mooooieate. Seriaemma e2 and #3 ate exhibit a 
shoulder peek, even dreader foan #L The last tested sertaetauts, #4 #5 and #e exhibit virtually 
oo response during that period of time. To be noted mat #b is; eemmemiulked as sodium 
ndoleare. 

The suspeoslmt properties of emulsions made: fern diiifetfsat surfactants were tested. In 
the tests described, below, the emulsion fluid was. igialy a Mm m a low molecular weight 
mineral od formulated wldtob/waier ratios of 29/70 and eofttammg 1 volume percent enmkiilen 
Tim fsnrmiatioo of the mated suspmm is stmwm below m Table 1. 
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mm Ewtftafoft mm were heated m water bath at 1 SCfmF for ao hoax and a half Sand (20/40) 
was heated In the even at 150>E 335 grams of sand was then added to 500 to! of emulsion in a 
container. The cofoamer was ihm sfeafeen vigorously and the slurry was poured into a graduated; 
cylinder no to the 500 rol mam. The cylinder waa then placed m ass oven at IStVfoF. The height 
of slurry (ex pressed in mi) with «o sand suspension was recorded along time and is shown Figure 
3, System, based on surraotams #L #2 and #3 perform web worm systems based on sartaemms Pe 
aod.FF are clearly not acceptable. Sorhwta-u #4 on odd shows a .men anon seer peas, rr was 
discovered drat if the concentration of surtaeumt d4 is Increased by 10--20% in the emulsion, the 
emulsion performs similar to serfootant #3 m Figure 3 in terms of suspending sand. In other 
words by ieoreasme the amount of surfeonmt g4 we have increased the concentranoo ot the 
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mlm&z with shoulder peak (foot, prfe at 20.4 sikte in tM present cms) and restored the 
eooe sand suspension.. 

swua Ihgure 4 shows the viscosity of pare smtaeiams as a hmchoo of temperature at 170 i/s 
fmm to 85 mF This result « he correlated to sand setthng results shown m Figure % 

That is the surfactant which shows higher viscosity values across the temperature range also 
performs better wfeeB it is used to fenu an: emulsion to suspend sand, It is believed (without 
being hold m to it) drat the higher, viscosity values fa #2 k clue to the presence attire moleenk 
that she ws en at 20.4 mi cures ou the GPG Suriae«i #S hi Figure 4 has the second lowest sued 
see lew rate at 40 tntnutes. 

mm ihe last series of experiments, the stability of tp; tp^»w afe a medium (1 day) fee 
sad long time (9 days) was tested. The emulsions were made with dillereui variant of 
commercial sorbusn nieste esters bawl Mkmi Figure 5 shows the pereontagp of 

volume broke out ru J and 9 days at 1S0*F, Aplm Ore tests shew that the higher tbe shoulder 
pmh (M Ughm the stability: ludeeri the suspension bmpd on "jppsf monoeleaie sotbttan. may 
be <&wtee<! ten stable and causing formation d&msp, tfcfmf&ra,. ^-msgm^ tmvin ; g a peak 
between 4 and 2 nmy fee more suiiabk. 

\mm TxW preesding: desori|stbn of spedfe of the present hwenhoti is pot 

iniaoded^^ bweeikm. Persons skilled in 

this field will recegoiae that mo#icsJi;ipBS: can be made to Urn specific etnbodimaats described, 
here .thai wuld be within the scope: of tbe present invention, 



